ABSTRACT
the object, presence of endophthalmitis, and the entry site of penetration. [3] Removal of posterior segment IOFBs by pars plana vitrectomy (PPV) is the main surgical procedure that provides direct viewing and controlled surgery.
The purpose of this study was to identify the impact of weight and size characteristics of posterior segment IOFBs in open globe injuries. To the best of our knowledge, this is the first study that correlates (Spearman) weight and size measurements of posterior segment IOFBs with presenting and final visual acuity levels. Prognostic factors for presenting and final visual acuity, management, and outcomes were also evaluated.
MATERIALS AND METHODS
A retrospective chart review was approved by appropriate institutional ethics committees and health authorities and was conducted in accordance with the Declaration of Helsinki. Consecutive medical records of patients with posterior segment IOFBs who presented at our hospital between October
INTRODUCTION
Ocular injuries with posterior segment intraocular foreign bodies (IOFBs) remain a major cause of ocular morbidity. [1, 2] Retained IOFBs may lead to sight-threatening conditions, such as endophthalmitis, retinal breaks, retinal detachment, vitreous hemorrhage, and macular scar formation. The severity of injury caused by an IOFB depends on several factors, including characteristics of the foreign body, momentum of Öztaş et al. Posterior segment intraocular foreign bodies: the effect of weight and size, early versus late vitrectomy and outcomes 2005 and January 2013 were identified. Fifty-eight patients were enrolled for a total of 58 eyes. Of the sixty-five patients diagnosed with posterior segment IOFBs, seven were excluded because of multiple IOFBs. Anterior segment IOFBs were also excluded.
The data collected included age, gender, initial and final best corrected visual acuity (BCVA), weight and dimensions (length, width, thickness) of IOFBs, nature of IOFBs, initial ocular features, time of interval from injury to IOFB removal, entry site of IOFBs, location of IOFBs, interventions, and complications.
Visual acuity was measured with the Snellen decimal system used in our office. Visual acuity values were converted to log-MAR units for statistical analysis. All foreign bodies removed from the eyes were packaged immediately following removal and kept in our clinic for medicolegal reasons. IOFBs were measured with a caliper to determine the greatest diameter in length, width, and thickness. Weights of IOFBs were measured in the laboratory using a precision weighing device.
All eyes underwent IOFB removal with a standard three-port PPV technique. Patients who had a leaking wound underwent primary globe repair prior to PPV. In suitable cases, primary globe repair was combined with PPV. Patients with a selfsealing wound without leakage had PPV as initial intervention. IOFBs were removed through the sclera or anterior segment depending on their characteristics.
Birmingham Eye Trauma Terminology was used for classification and definition of ocular trauma. [4] Open globe injury indicates a full thickness wound of the eye. An IOFB indicates any open globe injury with a retained foreign body. A selfsealing wound is an entry site of the IOFB that closes tightly without primary globe repair. Ocular Trauma Classification Group was used to describe wound location: [5] Zone 1 injury involves the cornea and limbus; zone 2 injury involves the region 5 mm or less posterior to the limbus; and zone 3 involves the region exceeding 5 mm posterior to the limbus. Analysis was performed using SPSS software version 16.0 (SPSS, Inc., Chicago, Illinois, USA). After the test of normality, nonparametric tests were used for statistical analysis. Association between the variables was studied using the Mann-Whitney U and Pearson chi-square tests. Continuous variables were compared with Spearman's rho. A p value of less than 0.05 was considered statistically significant for all tests.
RESULTS
Fifty-eight eyes of 58 patients (53 male, 5 female; mean age, 32.7±14.2 [range, ] years) with posterior segment IOFBs were included into the study. Mean follow-up was 17.9±13.3 (range, 3-60) months. The causes of posterior segment IOFBs were work-related open globe injuries in thirty-nine eyes (67%), nonwork-related trauma in eight eyes (14%), gun shot in four eyes (7%), and unknown in seven eyes (12%). The majority of IOFBs were metal in fifty-two eyes (90%), stone in three eyes (5%), glass in two eyes (3%), and animal horn in one eye (2%). Table 1 presents initial findings identified in patients with posterior segment IOFBs. In four cases, iris and lens injuries were not assessed initially due to total hyphema. IOFBs were localized to the retinal surface in forty-one eyes (70.7%) and to the vitreous in seventeen eyes (29.3%). IOFB entry points involved zone 1 in forty-one eyes (70.7%), zone 2 in sixteen eyes (27.6%), and zone 3 in one eye (1.7%). For surgical management, primary globe repair was performed prior to removal of the IOFB in 1sixteen eyes (27.6%), and primary globe repair combined with PPV as a single procedure was used in twenty-four eyes (41.4%). PPV without primary globe repair was used for patients with a self-sealing wound (18 eyes [31%]). IOFBs were removed through the sclera in forty-eight eyes (82.8%) and through the anterior segment (trans-corneal) in ten eyes (17.2%). We used silicone oil tamponade in forty-five eyes (77.6%) and gas tamponade in nine eyes (15.5%). At the end of the follow-up, crystalline lens was preserved in thirteen eyes (22.4%). Procedures resulted in pseudophakia in forty-one eyes (70.7%) and aphakia in four eyes (6.9%). The most frequent complication after the removal of IOFBs was retinal detachment in eleven eyes (18.9%). Retinal detachment occurred subsequently in eight eyes and re-detached in three eyes. Other complications were glaucoma in ten eyes (17.2%), macular scar formation in four eyes (6.9%), aphakia in four eyes (6.9%), corneal decompensation and scars in four eyes (6.9%), and phthisis bulbi in two eyes (3.4%).
Mean weight of IOFBs was 46±116 mg (range, 0.1-806; median, 10). Mean measurements of length, width, and thickness of the IOFBs were 3.65±3.45 mm (range, 0.8-19.7; median, 2.6), 2.08±1.51 mm (range, 0.5-8.5; median, 1.8), and 0.89±0.66 mm (range, 0.2-2.6; median, 0.7), respectively. The relation between size of IOFBs and IOFB localization, removal site of IOFBs (trans-corneal or sclera), initial findings, complications, and surgical management were evaluated (Mann-Whitney U Test, Table 2 ). The weight of posterior segment IOFBs was significantly greater in eyes with initial hyphema, vitreous hemorrhage, retinal hemorrhage, retinal detachment, and uveal prolapse (Mann-Whitney U Test, p<0.001, p=0.021, p=0.048, p=0.049, p=0.002, respectively). The length (longest diameter of an IOFB) of IOFBs was significantly longer in eyes with hyphema (Mann-Whitney U Test, p=0.024). The width of IOFBs was significantly greater in eyes with initial hyphema, vitreous hemorrhage, retinal hemorrhage, and uveal prolapse (MannWhitney U Test, p=0.003, p=0.022, p=0.048, p=0.003, respectively). Thicker IOFBs were related to the presence of initial hyphema, vitreous hemorrhage, retinal hemorrhage, and uveal prolapse (Mann-Whitney U Test, p=0.001, p=0.024, p=0.027, p=0.002, respectively). There was a significant association between the removal site and thickness of IOFBs. Thicker IOFBs were removed through the trans-corneal rather than sclera (Mann-Whitney U Test, p=0.037). Eyes with a self-sealing wound that underwent only PPV as the surgical management had lighter and smaller (length, width, and thickness) posterior segment IOFBs (Mann-Whitney U Test, p<0.05).
The presenting mean BCVA in decimal units was 0.25±0.28 (logMAR, 1.65±1.25; range, 20/20 to LP), and the final BCVA was 0.32±0.35 (logMAR, 0.61±1.02; range, 20/20 to LP). The difference between initial and final BCVA was significant (Wilcoxon, p<0.001). Initial as well as final BCVA levels were negatively correlated with weight and dimensions (length, width, and thickness) of IOFBs (Spearman Correlation, Table 3 ). The relation between prognostic factors and BCVA indicated that presenting BCVA was poor in patients with initial endophthalmitis, lens injury, and retinal hemorrhage (Mann-Whitney U Test, p=0.036, p=0.013, p=0.009, respectively) ( Table  4 ). The presence of initial or subsequent (recurrent/new) retinal detachment was associated with poor final BCVA (Mann-Whitney U Test, p=0.045, p=0.003, respectively). None of the other examined prognostic factors, including nature of IOFBs, entry points of IOFBs, removal time (delayed or not), removal site (sclera or trans-corneal), localization of IOFBs (retina or vitreous), surgical management, and initial findings, were statistically significant for either presenting or final BCVA (Table 4) .
IOFBs were removed from the eyes within two days in 31
Öztaş et al. Posterior segment intraocular foreign bodies: the effect of weight and size, early versus late vitrectomy and outcomes eyes (53.4%) and removed after two days in 27 eyes (46.6%). Mean time to operation was 10.8±5 days (range, 2-21) in the latter group. The timing of IOFB removal was not associated with incidence of endophthalmitis or final BCVA (Mann-Whitney, p=0.055, p=0.919, respectively). Delaying IOFB removal was not associated with occurrence of retinal detachment or glaucoma (chi-square, p=0.905, p=0.114, respectively).
DISCUSSION
Advances in vitreoretinal instrumentation and surgical techniques have improved the success of treatment in open globe injuries with posterior segment IOFBs. The advantages of posterior segment IOFB removal using PPV include removal of vitreous to reduce the risk of retinal detachment, provides direct viewing and controlled surgery resulting in less collateral damage, and a possible reduced risk of endophthalmitis. [6] [7] [8] We analyzed our population of patients with retained posterior segment IOFBs secondary to open globe injuries and evaluated the impact of IOFB-size and weight, prognostic factors, management, and outcomes.
In accordance with previous reports, vast majority of our patients were male (91%) and relatively young (mean age, 32.7 years; median, 31 years). [1, 2] Their occupational injuries and a significant cause of ocular morbidity among, otherwise healthy, young males were preventable. This male predominance has been attributed to occupational exposure, dangerous sports and hobbies, alcohol use, and risk-taking behavior. [9] [10] [11] In our population, the most common cause of injuries was work related (67%), as in previous reports.
[ [12] [13] [14] [15] [16] [17] Lack of eye protection was the major risk factor in this group as none of our patients were using protective eyewear at the time of injury. Metallic IOFBs have been reported in 60% to 91% of open globe injuries. [18] [19] [20] [21] Vast majority of posterior segment IOFBs in this study were metal (90%).
The association between initial findings and size factors were evaluated. Greater weight, width, and thickness of the posterior segment IOFBs were associated with initial incidence of hyphema, vitreous hemorrhage, retinal hemorrhage, and uveal prolapse (Table 2) . Heavier IOFBs were associated with the presence of initial retinal detachment and the length of posterior segment IOFBs was associated only with hyphema as a notable result. There was a significant association between the removal site and thickness of the IOFBs; thicker IOFBs were removed through the anterior chamber rather than the sclera.
To the best of our knowledge, this is the first study that correlates weight and size measurements of posterior segment IOFBs with presenting and final visual acuity levels. Several studies have investigated mass and size factors with grouped variables, and increased size of an IOFB has been a negative predictive factor for visual outcomes. [2, 7] Woodcock and colleagues [21] have concluded that a greater mass is associated with worse outcomes. In accordance with those studies, we found a significant negative correlation between weight, length, width, and thickness with presenting and final BCVA measurements.
In the management of IOFBs, these particles should be removed because of the risk for endophthalmitis and toxicity. However, timing of removal is controversial. [2, 18, [20] [21] [22] [23] [24] The general consensus is that a delay in IOFB removal increases the risk for endophthalmitis. [24] [25] [26] [27] [28] [29] In contrast to this view, Colyer and colleagues [30] have reported prompt wound closure and systemic antibiotics followed by delayed removal with no reported endophthalmitis. When we compared the groups that underwent IOFB removal within 48 hours (53%) and IOFB removal after 48 hours (47%) for initial incidence of endophthalmitis, there was no significant difference. The latter group had prompt primary globe repair with systemic antibiotics and underwent PPV in 10 days. We believe that delays in IOFB removal may be necessary in patients with corneal edema, severe inflammation, and intact posterior hyaloid as this combination prevents controlled surgery. A current study by Falavarjani and colleagues [31] has reported high anatomical success despite a delay in surgery. Therefore, we recommend the removal of posterior segment IOFBs at the most appropriate time rather than initial intervention.
Retinal detachment is an important prognostic factor for anatomical success in ocular injuries with posterior segment IOFBs. In our population, the most common complication after posterior segment IOFB removal was retinal detachment (18.9%). Retinal detachment, initial or subsequent, was associated with poor final BCVA. Glaucoma was the second most frequent complication (17.2%) in this population. Although most of the eyes responded to medical therapy, one patient underwent glaucoma surgery. The incidence of retinal detachment and glaucoma did not increase in the group with delayed vitrectomy. We could not provide anatomical integrity in two (3.4%) eyes because of the large entry site. Postoperative long-term hypotony resulted in phthisis bulbi in these eyes.
A limitation of this study is the lack of further correlations between velocity of IOFBs and study parameters due to the retrospective design of study. Moreover, the velocity of an IOFB is not only associated with the degree of tissue damage but also attributed to be conversely correlated with the risk of endophthalmitis. Thus, additional studies to investigate the association of these factors are required.
In conclusion, weight and dimensions of posterior segment IOFBs are significant predictive factors for visual outcomes in open globe injuries treated with vitrectomy. Heavier IOFBs have a risk of initial retinal detachment. Retinal detachment, initial or subsequent, was an important prognostic factor for Öztaş et al. Posterior segment intraocular foreign bodies: the effect of weight and size, early versus late vitrectomy and outcomes poor final visual acuity. In this study, endophthalmitis and other complications were not related to delayed vitrectomy. Therefore, a delay in IOFB removal after prompt primary globe repair may be an advisable option while waiting for optimal surgical conditions.
